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COMPUTERIZED MANAGEMENT INFORMATION SYSTEMS AND ORGANIZATIONAL STRUCTURES*
: o
Zenon S. Zannetos.and Murat R. Sertel
The 1mpact of the new 1oformet10n technology on organlzatlons has }
—— L

been the subject of much speculation ever since the usefulness of,computers /v
as panageciai tools became evident. ' The surge of intereSt in the afee is
reflected in the literature which has now gfown into a full spectrum of
arguments. Some conclude that computers will lead os toward organizational
centralization [(Leavitt & Whisler, 1958), (Lawrence & Lorsch, 1967), (Gal-
‘.braith, 1968), Delehanty, 1967), Whisler & Schul‘tz>, 1962), (Whisier', 1967),
and (Burck, 1965)] ‘,.1 while others‘contend tHat, although a definite direction
 is implied, the‘tendency will be coward.decentralizatioh (Forpester, 1965),

) ‘ .

(DeCarlo, 1967) . In between these two extremes the spectrum is filled by

arguments, as best articulated by Dearden (1967)3, who advances that the new

ThlS is part of an ongoing.research effort in the Managerlal Informa-
tion for Planning and Control Group at the Sloan School of Management, M.I. T..
This paper was presented at the International Symposium on MIS: A Challenge
to Scientific Research, University of Cologne, July 1970. '

1Among these, Lawrence & Lorch, Galbraith and Burck look at the issue mainly
from the viewpoint of the amount of information to be processed and the ease
and speed of communication. Others like Delehanty, Whisler & Schultz and Whisler
looked at the experience of companies which introduced computers and were con-
vinced that the fate of organizations, due to the impact -of computers, was
increased centralization. As quoted by Myers (1967, p.7), "Every time I look
into a company that has. installed computers, I see a change '"*, says Whisler,
"and it's always in the direction of centrallzatlon "

2 ' ' .
Forrester and DeCarlo, among others, arrive at this conclusion because
‘of what they see to be the future course of events from the standpoint of social
pressures, human values and incentives to individuals for 1nnovat10n.

3In a paper which appeared in a recent volume by Myers (1967) on this subject,
after looking at the impact of computers on profit centers, Dearden concludes
that there will be"...no significant change in the degree of delegation of

authority by top management..." (1967, p. 182).



information technology willjbe neutral.in its impact on organizational struc-
tures, and by otheré who indicate that fhe effects will vary with the
situation (Diebold, 1964).

We feel that the literature mentioned above in the area of drganiza—
tional structures sﬁows a certain lack of theory, but, even further, that

'_\\___—_N e )

there is the Qef;pjggwépsgggngf<§n underlying framework of definitions, \

working assumptions, explicit axioms and rules of measurement.ffom which to |
rigofously theorize. We realize, of course, that it is by no means easy to
develop such an all—inclusive.theoretical frahework, and that to criticize
those who wrote on;the subject is in many ways not gallant. In fact, we
wish to compliment all those who vehtufed in this difficglt_érea and especially
those who performed field work. Our comments, therefore, must be taken iﬁ'
this light, and és an effort to improve the methodology so that finer dis-
crimination can be made on the consequences of information technology.

Specifically, the purpose of this pfesentation is to reanalyze the
iﬁpact of computerized information technology on the design of organizational
structures. To this end, we will proceed'by: |

(I) Developing a classificatory framework and proposing an accompanying
set of rules of meaSurement to be used in claséifyiﬁg organizations byvrel-
-ative structure; |

(1I1) Specifying some of ;he mést gritical factors favofing cgntrélization
and decentralizatidn; and applying the above in:

(IiI) Reviewing some of the recent attempts to measure change in organi-
zational structure; aﬁd

(IV) Inferring the.iﬁpact of the new informati6n technology upon organ-
izational structures across the'dimenéions and through the factors analyzed

in Section II.



I. Preamble

One of the greatest difficulties that we are facing today in the
e e :

study of the evolution of organizational structures is inherent in our inabil-
/—"""0“‘— e o e - - -~
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ity to define what.we mean by centralization and decentralization. For purposes
of communication we do quite well because everyone understands--at least

in his own way--what these terms méan. In fact it may be that these‘tefms_,'
are useful in conQersation ﬁrecisely becauée Qf their vagueness. Everyone can
read into them whatever'he wishes.

For measurement purposés definitions must be very precise because they
must be amenable.td'empirical validation. For examﬁle, in order to establish
the impact of the new information technolégy on orgénizational structures
one must be able to perform before-after comparisons. Of those who have bro—
posed definitions, most define centralization in tefms of ﬁhe relative organi-
zational "level" at which decisions are_made.4 If the tYpes.of decisions made
within organizations werevimmutable, then by concentratiﬁg on the definitioﬁ
of "high" versus "low" one might héve been able to obtain é meaningful measure
of centralization and decentralization. The trouble is that the operational
nature of decisions made at the various ;evels in the organization may change
with major changes in the technologies that impinge upon these decisions.5 If,
therefore, our definifions of centralization and.decentralizétion cannot dis-
criminate with respéct to the type of decisions made at the various levels in
the organization, a‘mere attempt to classify organizational‘structures’by the

"level" at which decisions are made can easily lead to circularities.

4These people, in effect, follow the definition originally proposed by
Simon, who said: "An administrative organization is centralized to the extent
that decisions are made at relatively high levels in the organization; decen-
tralized to the extent that discretion and authority to make important decisions

are delegated by top management to lower levels of executive authority."
- (1954, p. 1) -

5This is actually a blessing: otherwise progress would be limited.



Some other problems which compound our difficulties are:

(a) one cannot oBserve and describe purely éentraliied or decentralized
structures on the Basis of definitioﬁs'so far proposed. What'ye find in.the
real world is an imp@re compromise between these two;

(b) existing methodology does not handle changes in organi;ation -
structures which affect the‘relationships'between Units.at the samé hierarch-
ical le&el; and

(c) the definitions and measurements used in'empirical research have’been
unable to discern and classify situations where a unit within’én organizatioh
is forced to decentralize vis a vis its parent unit (a "without" relationship)
and at the same time centralize from "within".

It is for_the above reasons, ﬁore on which will be pfésented later,6 that
:We believe one must concentréte on highly disc;iminéting.definitions and meas-
ures which are b;sed‘on ; sound theoretical framework, if he is ‘to impart a
Imeaningful operationél content to the notions éf centralizafioniand deceﬁ-
-tralization. |

In order ﬁhat Qe may be able to devise measurementé, we have to first
of ail make clear ﬁﬁét we mean by the measurement process.. In our notion,
measurement is a proéess Ey means of which criteria for classification by di-
mensions or characteristics are establishedi.In this sense, for an.unambig—
uous classification, there must exist:

(a) one to one correspondence between the meaéure and the character-~
istic. being measured. That is to say, the measufe must measure what itlis
supposed to and not give ﬁs émbiguous signals abouticausai relationships for
classifitation, or worse, lead us to designate as identical.what are commonly
understood to be distinct or even opposite situations. |

(b) the unit of measurement must be independent of variations in the

6See our discussion under III Attempts Toward Empirical Measurements



.characteristics of the object being.measuted and vice versa.’ This is nece--
ssafy to avbid circularities or tautologies.

One of us has,already discussed the reasons for preferring a classifi-
catory measure_which is based on the objectives of the firm (Zannetos, 1965).
It was said at that time that;vunless we cldassify relative centralization and
decentralization on the basis of the relationships between the objéctives of
the overall unit_and”those of fhe subunit, we will not be able to make meaﬁ-
4ingfu1 relative sfatements especially if we try to compare units across firms
or eveﬁ units within one firm. Also stressed at the timé were the reasonslbe~
hind our conviction that the notions of-cenﬁralization and decentralization
‘cannot be discussed in absqldte terﬁs, but only in ;elative terms. We must
somehow refer to ébﬁé benchmark, saying '"relative to what it was before" or
"relative to anothef organization". But again, in these cases, in order to
make meaningful statements, which will be amenable fo empirical validation,
we must somehow assopiate the objectiveé of the unit with fhose of the firm
in.order to find out how much judgement is left for thé'unit to exercise. For
example,.within profit-oriented organizations, a profit-center setup is the
epitome of decentraiization, beéause the objectives of the tqtal organization

and its parts are almost identical.8 Notice that in this description the

7If the system on which measurement is performed is of the Heisenberg
type, i.e., if measuring the system affects the system, then this condition
cannot be satisfied. If the system is affected in different degrees by differ-
ent but otherwise equally 'good" measurement operations, however, then clearly
one should apply a measurement operation which least affects what is being
measured. We are indebted to Mr. Prem Prakash for his having pointed out to us
that what is known in the theory of dynamical systems - see, e.g., Bhatia & Szego
(1967) - as the "group axiom" can fruitfully be interpreted as an expression
that the system in question is non-Heisenberg with respect to observation. To
express it in plain English, under this axiom it is assumed that the evolution
of states is unaffected by our observing that evolution during its course.

81t is recognized that within the framework of a profit-center organization

structure some subunit managers may interpret their objectives differently than
others, and, as a result, impose upon themselves a structure which is relatively
less decentralized than it could be potentially.



judgmental content of decisions, as constrained by objectives 1is the import-
tant ingredient of the unit of measurement, and not the decisions themselves.
Therefore, we must somehow define measures which will classify translations

of objéctives in terms of thé information content that is introduced in the

process of ttansforniation.9 We realize that this is a very difficult tésk,

and we have not as yet been able to solve to our satisfaction all the problems
involved, but in opr‘estimation this is one of the most promising ways of
measuring relati&e‘éentralization and decenfralization;

Finally, we mﬁét note that if technological changes affect the overall»
objectives of organizations in the'same.way that they affect the nature of
decisions, then we have not achieved anything with the proposed definition.
We do believe, howeier, that this is not the_case and that the overall
objectives of firﬁs are not as ephemeral as the associated decisions, which
are, afterall, infbrmation—technology dependent. But, to repeat, the greatest
challenge with the‘proposed definition will come at the.time it is applied
in actual situations, and we have not as yet submit;ed this approach to‘an

empirical test.

9 - i o '
The information which is introduced at a particular level in the
organization, and which expresses the judgmental content of decisions at

that level, appears as an objective datum to subordinate units.



IT. Theoretical Determinants of Centralization and Decentralizatien‘

In order to be abie to analyze the impact ef the new infermation tech-
nology on the_orgenization structure of the firm we must firsf delineate
the theoretical facfors and their dimensiohs_ which fevor centralization and
decentralizafion. Avrecent paper (Zannetos, 1965) by one'of the present authors
suggeeted that organizational structures will gravitefe fQWard relative cen-

et

tralization if:

1) The objectives of the orgaﬁizatibnal.entity are unified and inde-
composable. By this we mean that the objectives cannot be easily divided
(broken down) and be.assigned to subentities whieh can operate as independent
units. Therefore, if some type of a divisionalizatien is neeeSSary for
purposes of problem solving and making the tasks manageable, ‘then a lot of
top-level Elanniﬁg co-ordination must be done at a central loeation, If the
~objectives are not subdivided, then we'haQe a structure}that is ﬁighly cen—

tralized from within.10

2) In the process of accomplishing the objectives, it is necessary to

co-ordinate operations so as to exploit complementarities that exist between

the operations of the various subunits. These complementarities may be either

technological or pecuﬁiary and one mostly finds them in tryihg to achieve
economies of size. The issues here are similar tb'those presented under (1)

above but affect operational planning and operations rather than substantive

objectives and top-level plannihg. If we find that operations are highly co-
ordinated and programmed, then it appears that the organization follows the

centralized master-planner approach.

00, analyzing issues of centralization and decentralization, it is nece-
ssary to look at how the units are organized internally (from within), and
also how they are related to their parent (from without). This ig so, because
a unit may be, let us say, relatively decentralized from without but highly
centralized from within or vice versa. Later on (Section III-F) we will give
an example where this issue arose.



The theoretical issues which favor relative decentralization are:

(1) The necessity for specialization. If units must be left alone to

learn from experienee, then they have to be allowed to exercise the nece-
ssary value judgement during the period of their isolation for experimentation
and learning. This usually occurs in situations where (i) the oberating en-
vironment is ever changing and necessitates flexibility, or (ii) the environ-
ment is not changiﬁg but its characteristics are unknown. In the latter case,
once enough is known about the environment, the organization may function more
efficiently if it reverts towar& relative centraliéation;»unless, of course,
the knewledge that is gained serves as means. to higher leyel experimentation
and specialization.

(2) The number of channels necessary for communication, the amount of

information flow, and the associated cost of operating the information system.

It has been pointed out in the 1iteratqre by Simon (1954) and Zannetos (1965)
that decentralized’structures require fewer channels of eommuﬁication, be-
cause they do not need as mech information flow as do relatively centralized
organizations. Obyiously, the lower the degree of interdependence the lower
the manifested need for exchange of information. And to the extent that the
necessary channels of communication as_well as the flows tend to increase in
an explosive mennet with the increase in size of organizations, other things
being equal, the 1erger the firm the greater the tendency toward relatiye
decentralization to avoid cluttering and confusion as weil as cost.

(3) The need to reduce the instability within the organization. If the

_interdependencies between subunits are not checked, then the intepections,
and‘the adjusting response to these, will create erratic behavior patterns
within the organization. Furthermore, the continual need for response by a
subunit to outside preséures will prevent it.from specializing. To avoid

these undesirable consequences of interdependence, buffers or "shock absorbers”
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are introduced into the system to make subunits insensitiyebto qncertainties
and vériébilitieé.that are created elsewhere. These techniques for containing
interference and creating a semblance of stability result iﬁ‘a relatively
decentralizgd'organization structure.

As a measure of the potential instability generated within organizatidns by
the interdependencies between units, Zannetos g1965) suggested the use of statistical
covariances between[divisioﬁal performances. He further pointéd.out that qegative
covariances normaily favor relatively centralized solutiéns ﬁh11e positive co-
variances suggesf buffering and relative_decentralization. Subsequently
(Zannetos 1965/6) these tecﬁniques were applied within two organizétions; The -
results revealed that measures based on statistical covariances are useful aé
.indicators of the‘neqessity of organizational changes, and also pointed out the

extremely deleterious effects of instabilities within organizationms.

(4) Time sensitivity of decisions and operations,; and the task characteristics.
We often find thét, for certain types of opgrations,-a'délay in'making de-’
cisions and in taking the proper action may bring about catéstrophic conse-
quences. So subunifs are often allowed to operate in a mdre decentralized
faéhiqn, even in cases where the decision without a time pressure could be
more efficient if made centrally. Of course, if the exper; knowledge is lo-
cated at the subunit ievel, then.relative decentraliz&tion is more‘efficient.

(5) Psychological reasons. Social psychological and human relations

é#perts [}rgyris (1952), Haire (1§63), McGregbr (i960)]vargue that.déceﬁj
-tralized structures must be preferred for reasons of human motivafioﬁ. There-
fore they would err toward decentralization oftén because of philosophical
prefefence. One of the‘claimed advantages of decentralizatioﬁ--aside from fhe
pure humanistic érguments;-is that it provideé the opportuﬁity for t?aining

managers.



III. Attempts toward Empirical Measurements
We will now review some of the most recent attempts to describe and, in some -
cases, measure the degree of centralization and decentralization within organiza-

tional structures.

A. The Decisions VéfSUS the Objectives as a Basis for Classification

One of the péople who have been actively pursﬁing research in the afea ofr
computers and 6rganizations for the last few years is a respécted colleagﬁe of
ours, Professor Myers; In his interesting paper "The Impact of EDP on Management
.Organization and Ménégeriai Work" (1965) where he exposes the results of>hiS work,
he chose to define centralization an& decentralization in terms of the "decision,"
as evidenced by the folloﬁing statement: "Since decisions about the design of the
system of managerial cont;ols are made at higher levels in management, the‘cléar
implication is that both in its decision and implementation, the computerize&
system results in a ﬁore centralized organization structﬁre“ (Myers, 1965, p; 5).

As we have already poinfed out, it is é little difficult to define and measure
centralization and'decentralization solely in terms of thé level at which decisions
were made.before, as compared to where they are made lateﬁ for mainly three
reasons: (1) Because decisions are always constrained by objectives which originate
at higher levels. 'Uniess; thereforé, we analyze these outside conétréin;s to |
.determine their nature, we will not be able to ascertain what type of ?elétionshiﬁ

exists (centralization or decentralization) from without. The decision itself'may

éppear superficially tb be the same. (2) Whenever a decision is taken, if it has
operating impiicatiohs,'it genérates constrainfs by introducing "objective information
and thus reducing the opportunity for judgment of subordinate entifies (i.e.,

affecting centralization and decentralization from within). (3) Several dimeﬁsiohs

of the decision makiﬁg process, which do not necessarily relate to the issue of
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centralization énd'decentralization, are affected by the information pro-~
cessing technolégy whether electropic or manual. One may, therefore, observe
changes in the nature of decisions made at various levels ih the organization;
without being able to discern changes in the.organizational struCtu?es. |

To repeat, we prefer to cohcentrate oﬁ studying the impact of computers
on objectives rathér than decisions. Otherwise; every time anything occurs
which affects the nature of decisions, then, automatically; tHe.definition
will become inapplicable. The only statement that we caﬁ then make is.the'
rather tautological one, that the organizéfion structufe has changed because
the information and control technology which govgrns the nature of decisions
has changed. ‘But'we can say nothing with confidence about‘centralization and
decentralization.

Even in the_unlikel? case where the information-control technologyldoes
not affect the nature of decisions, still the above definition does not help
us very much.. In order to cla;ify our arguments, let ps look at ;he accounting
control system. Itﬁhas always béen deéigned centrally, and, in fact, one of the
major motivations'to install computerized information systems has pften Been the
desire of top and middle management 1evels to free themselves of this bondage.
Now we install the new systems and we are told that we only succeeded in

tightening the noose around our necks. In view of all this confusion, one may

ask the question, "were not decisions about organization structures always made
at higher levels?"

That is to say, where could one find the locus of decisions regarding the

establishment of decehtralized'organization structures? Obvioﬁsly, at the Eop!
.But as one will notice, Myers' definition by its nature classifies such a

decision as centralizing, thus giving rise to an unwarrarited,paradox.11 In our

On the basis of Myers' definition, one can prove a "non-existence" theorem

of decentralized organizations.
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estimation, the questions that confront.us here are: 1) What are the reasons
- for relative decentralization in some cases in the past? .If the decentralization
was in some cases necessary because of the inability of management to comprehend

and. encompass, in its decision making, complicated interactions of known nature.

(thét is to say.théy héd difficulty in tracing through the relationships whose-
impact management knew), then computers will centralize.: If the difficulty ié
'in the nature of the relationships, however,.especiaily of those'within'units,
then undoubtedly the organization structure ygg.forced?tOWard decéentralization
aﬁd, in our estimation, it will continue to be so in the future, as we will
point out later, because situations'such as this necessitate capabilitiés of
design and analysis of experimeﬁts at the point of action.

To elaborate a little further, if the reason for decentralization within a

company is the inability of the higher levels to cope with the processing of

detailed data, then computers will undoubtedly lead to centralization. If,
howevef, the reason for the decentralized structure, again in a relative sense

within a firm, is the ignorance of the higher levels, of the functional relation-

ships that are applicable in the speéific situations, and, in order to determine
these, experimentation must be established at the level of data generation, then,

in our estimation, the computer may lead to further decentralization.

We must stress here that many previous problems whiqh-werE-of ménagemént
concern will no longer be so with.thg introduction of the computer. But the
consequence of this need not be centralization. Consider'tﬁe nof unlikely case
where programmable.taéks are automated and many of the:remainiﬁg tasks of top
management are degfaded and made at lower 1evels. For example, many invesﬁment
decisions, fiﬁancial decisions, manufacturing decisions and product line de-
cisions may be made at lower levels with the aid of computers; while before
these were made without computers at ﬁop levels. Can we'call this centralization?’

Not necessarily, for, in a sense, it is relative decentralization. But the most
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important impact of the change depends on the answer to thé foilowing question.
How will top management is this case fill its time schedulé? With extra leisure?
of course»not, since‘it is very likely that management will now become occupiedv
with problems of a different ﬁature, problems that includé as endogenous
variables many of the‘planning variables that used to be considergd exogendug
to the ménagement information system. It will be, in short, a different mané-
gerial world. And in order to:decide whether a subunit With-this new structure
is now more cent;alized or decentralized,.we~must analyze its objectives

vis a vis those_éf the firm. Looking at thé problem in this light, the decen-
tralization content within the total organization, that is to say the éveragé
judgmental content of "lowér">manageria1 deciéiéns, will prbbably increase.

And this because, with programming, some middle and low management levels will

be eliminated; and the fewer the tiers in the hierarchy, the greater the

overall scope of the decisions that will take place in the average tier, hence

more decentralized content.

B. The Organization of the Computer Facility and Its Impac¢t on that of the Firm

Man&, including Myersv(1965, esp. p. 9, 14) claim_that electronic data
processing introduces centralizatién because it creates "a'ééntral center getting
inputs of data froﬁ.a numbef of different traditional functions and providing
data to them." Of course the accounting system does the same thing, but let us
limit ourselves to the computer facility. It is granted that, to achieQe

 economies of specialization, we may need to have central éomputef installations.

But can we really equate the structure of the data storage and processing system

with the structure of the information system, and then equate the latter with

the structure of the ofgénization itself?12 If we have central university libraries

12 Iy . "
On this issue we share the views of Klahr and Leavitt quoted in Myers (1967, p.10)
and Dearden (1967, p. 181) who do not see a necessary relationship between centraliza-
tion of the computer facilities and centralization of organizational structures.

G
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can we necessarily say that we have ceptralized research or centralized usage
based on such libraries? Will we, as teachers or researchers, lqse paft of ou?
independeﬁce if.fhe rules for aéquisition of books and storége of daté as well
as retrieval remain unchanged? . For example, with a project such as INTREX at
MIT, access to Iibrary information may be obtained thréﬁgh-telephone'byvmeans
of a time-shared compiiter system; but we should be surprised. if one éould
discern any effects of conséquence on the organizational structure of MIT because
‘of this innovatioﬁ.

We must admit that with huge centrallcomputef facilitiés, the potentiéi
is there for eager individuals to exploit ;heir strategié\posifiom and con-
centrate a lot of controliing power under the computer facility. 1In this way,
through control of information, they might indirectly affect the decision-making
processes and the objectives of the organization, and consequently distort‘the

whole organization structure. This can happen, but there is no fundamental

reason why it should. If the people running the computer -facility view them-
selves as operating a service organization, like a power plant, then one need
not worry too much about the consequences of Eotential_misﬁse of power; The
potential for centralization is inherenf in any huge vital central facility.
After all, if the power plant éhuts‘down in winter we can be frozen out, but
not many custodiaﬁs of power:plants would exploit this poéential power to bring

us to our knees.

C. Salaries of Top Management as a Measure

Professor Whisler, in his challenging paper, attempted to devise surrogates
for measurement and, as the most promising measure, he used the percentage of
salaries that are allocated to the top 2, 4, 10, 25 percent people in the

management hierarchy (Whisler, 1967, PP. 28-32).13 In efféct, he postulated

He also implicitly used the number of hierarchical tiers as an index for centra-
lization and decentralization, implying that an elimination of tiers implies centra-
lization. Also he claims that span of control is a good measure. Hence he claims

that a mere reduction in size permits centralization evidently irrespective of task
characteristics. :
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that if the percentage of total éalaries received by the top, lét‘s say;
5 pef cent 1in the‘managerial hierarchy increases, then this implies centrali-
zation, and if it decreases it implies decéntralization.

We believe that the above measure is inappropriate. It can be easily
shown that an inéfease in the percentage of salaries drawn by the top echelons
in management can also occur under a're—organizat;qn”for decentralization. |
Taking first the case where total employment has not increased, more delegation
of authority witﬁin the top group would most likely be accompanied by an increase
in the percentage‘of salaries received there, thus irrévocablybinvalidating the
usefulness of Whisler's measure.14 Also, in the case where we. introduce
additional tiers in the hierarchy, which, according to Professor Whisler, is
a sign of decentraliza;ion, his definition gives us conflicting éignals. Qn
the one hand, by increasing the number of fiers, he woqld'have to claim that
the organizatién has decentralized. On the other hand, however, we can show
‘that éuch a re-arrangement could increase the percentage of salaries drawn by
the top percentage of managers, implying,accordingbto his salafy measure, that
we have centralized. One can very easily construct an example whiéh shows the

opposite effects.

D. The Research Setting and Its Relevance

_Profgssor Whisler as well as Professors Myers and Deieﬁanty_have conducted
most of their research with insurance companies. Sincé most of the functions
of tﬂese companies involve‘procedures and repetitive processes, oh the Basis of
our theoretical formulations, they are, by nature, carried out better within a
centralized structure. Their product is standard; that is to say, standard

'policies which have been subject to very little innovation; there exist unified

Of course, if he views the top versus the rest, then the measure will point
out different things depending on where one draws the line between "top" and '"1low"
levels of management. The reason for this is that the measure, even if relevant,
does not discriminate between without versus within relationships.
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objectiveé and, for the achievement of these objectives, there exist the
utmosﬁ compleméntarities between staff resources. Above all, to re-
emphasize, there is a coﬁscious effort to diécourage deviation from centrél
policies and pfocedures, and, to a great extent, innovation. Thesé_
characteristics are the sinew of centralization. Thére isbno need to adjust
to changes-in the environment or push the fronﬁiers_of knowiedge in the
situations that these people have studied. Hepce, ﬁith electronic.cémputers,
these companies are now able to do what they should have been dping'but could
not do in the past. Thus, the computer has not changed the nature.of their
operations or sﬁown them new methods of doing business, bgt, as we'have said, '
it has merely enabied them to do better what they originally wanted to do
and should have done anyhow.b In effect, here we havefa case where the reason
for prior deqeﬁt:alization was the inability of higherleﬁels to cope with the
processiﬁg of'degéiled data and control.by remote means, so the advent of
computers helpéd'them centraiize. | |

va we look at the way these insurance companies carriéd out their
operations, we will find that they had neither sufficient channels of communi-
cation nor any central processing capability realizing economies of size.
Therefore, if any iﬁstabilitx existed in the system, it was not due to the fact
that the technolbgy was unknown, but, rather, because there was not enough
capacity to handle the data processing and the channels of information were

clogged. Notice,'also, that the time sensitivity of decisions made by these

companies is very low, and that there are no particular task characteristics
that will necessitate specialization of functions at low levels with information
inputs necessary for such specialization generated by the immediate environment

of the decentralized units.
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E. Impact of Information Technology on the Organization of Operations Control
Versus Decision Making ’

Another shortcoming ofvmoét studies is that they restrict their focus to
‘the impaét of coﬁputerized systems on operations control, that is.to say,
‘the process by means of which observations on the use of resoﬁrces are coliected
and signals generéted for possible remedial action. We strongly believe that
one must look at the nafure of decision‘making and the factors constraining S
it before he can safely make statements about centralization and decentraiization;
because decision making and control are not ideritical.15 Often we find that
electronic data ?rocessing will affect the: two proqesées, control éﬁd decision
making, in opposite directioné. For examples.ﬁf such confusions between

controls and deéeﬁtralization see Dearden (1967).

F. Centralization and Decentralization from Within vs. Without

Further confusion arises bepause authors heglect to distinguish between
relationships existing between units and thosé existing within units of an
organization. A case in point is a paradox which Whisler (1967) encountered
in his findings, He noticed that his salary measure, which we already discussed;
when applied to the divisional level of a company which, by policy, was

vdecentralizing, éhowed furthef centralization. Of course, as Qe.stréSSed,_
the salary measure is ambivalent. Inbthis case, however,‘it just might haQe
been measuring correctly, since a division could be decentralized from without,
yet centralizing from within. Iﬁ other words, the divisional héads in this

case may have assumed more responsibility at the expense of both the levels

above and below. We feel that decentralization from without can give the
results shown on Table 2 (p. 29) of Whisler's paper without nécessafily the

changes being accompanied by any centralization from within the division. Also,

15 ) . . ’

The imposing of constraints limiting the jugdments of decision makers may be
viewed by some as part of the control process. We view it as part of what we call
planning process control as distinguished from operating process control, the 1atte7’
being the process which guarantees efficient allocation of resources given the /
plan and the decisions which follow from it. : '
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in the above mentioned case, there is a confusion as to the relationships
between the number of tiers in a hierarchy and the centralization-decentrali-

zation content -of any particular hierarchical 1eve1.16

G. Computers and ;he Role of Management

We have aisd noticed that there is another conflict and confusicn thaf
is often caused by failure of mény people_to stress. the fact that the computer
will change the rqle of management. No doubt, with the aid of sophisticated
. computer systems we will'be dealing with managerial situations that we have
not been awére of before, because we could not rise to the required leQel of
abstraction. In efféct, the computer can be used as a means to an end,fthe
end being more high level planning and more high power‘decision making. 1In
this sense, the computef may be viewed as being‘in'general neutral to the
issue of centralization and decentralization, affecting the organizacion
structure only through its effects on management and.mapagerial functions.
In any case, however; in order to evaluate in which particular direction che
electronic data'proceésing and information systems will push us, we fi;st
have to analyze each particular situation on the basis cf our theoretical
framework, specify the various characteristics of the orgécization, its
objectives and operétions, and, on the basis of this analysis, estimate the
net impact of the.new technology. - More often than not, we will find that in
certain aspects we will»be'pushed toward centralization and in cthe;s toward.
decentralization. It will,.therefore, be up to managemcnc tc balance chese
and fiﬁd the doﬁinant characteristics of its own operaticns befofe it can
decide whether, in conflicting situations, it should move toward centralization:

or decentralization.

16For this see'(whisier,'1967, PP 27-34)
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Anotherrpoint that we must stress here is.that the organizational structure
of the firm w111 be a mongrel of pure centrellzatlon and pure decentralization,.
the exact nature of the mixture varying from "level" to '"level” and from
function to functiOn., Given that units within the firm operate mostly with
multi-dimensiocai indices of objectives, for certain functioﬁs che sub;
divisions of subunits may.operate in more deceritralized fashion than for others;
Such flexibility will be required if we do not want to stifle innoVétiqn and |
regimentally ﬁqld the crganizationel structure of the firm.

Note that, ﬁormally, the greater_the time seneitivity of decisions,
the greater the tendency toward decentralization. Nevertheless, scme'firms
may try to avoid this through detailed advance planning at 5 higher level and
by then designing constraints and instructions (that is co say, detailed decision
rules for all possible occurrences) aimed at guaranteelng con51stency between
plans and operations at all levels. This, of course, is relative cent;alization.
With on-line real-time systems, some of this planning may disappear; But,
conceivably, some'caﬁ be performed at lower levels in reel-time; esPecielly
if the lower levels have access to the cectral data base,.-This would lead

to relative decentralization.

IV. New Information Technolcgy and Organization Structures: Conclusion

We will now use the discuesion ofkthe previous sections.to.focus our
attention more closely on the organizational coesequences cf the new informa-
tion technology; In particular, we will take our theoreclcal determinaets of
centralization and decentrallzatlon one by one and view them in the context of

computerized systems.
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A. Factors Normally Favoring Centralization

(1) One of the main reasons for centralized planniﬁg and co-ordination
is the existence of unified and indecomposable objectives. The reason for
indecomposability, however, may be purely practicél, as when mathematical
decomposition techniquéé could actually be applied if'it were not for the

~virtual infeasiﬁility of carrying out the required computations ménually._

In such cases; the advent of computers may be a decisi@e factor towafd de-
.centfalizatioq, since decomposition techniques become practically appli;able'
and the old objéctive or objectives can now be broken down into cémpbnents
which can be aésumed by relatively decentralized divisions.

If, on thé other hand, the objectives are indecdmposable for funda-
menfal reasoné; so ;hat no amount of computational facility can sblve the
problem, then, computers or nor computers, the organization will have to con-
tinue to be as centralized as before.

Thus, to the extent ;hat‘the_indecomposabilities of objectives are of
a practicai nature which can be overcome by an incréased'ébility to compute,
the new information technology may exert a mild influepce toward relative
decentralization; otherwise the impact of computers will be none.

(2) Rather dually, but at the more operational level, the other
theoretical factor which tends to centralize organization structures is the
necessity to co;ordinate oEeratioﬁs and so exploit bofh the cqmplementaritigs

that exist between resources and operations, and the economies of size that

can be potentially realized. Heré we believe that the'introduction of com-
puters can have two opposing consequences,

On the one han&,_theAfaster tfansmission of information will enable
the organization to allow mqfe flexibility for planning at.the operating
level. 1If the inability of units to be informed in time and adjust to non-

planned actions was the main reason for which initiative was curbed and de-
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"viations from plah were not allowed, then the new technblogy of data processing
and ;ransmiséiOn will lead toward relative decéntraliza#ibn.
On thé‘other hand, we'now have a new common resource (see complemen-~
tarity of reéodrpes above) to contend with, namely the computer, the

efficient use of which requires co-ordination. If, therefore,_the decision

‘processés and opefations of the subunits critically depend on this facility,‘
then we will see a tendency toward more co-ordination from "above" and,
therefore, more céntralization.17 ‘We must further add, howéver, that "time-
sharing" systems with a semblance of facility divisibility and fast access
mitigate this ;o-ordinative necessity, éo thét, on th;s scoré, the operations.
may be either not affected af all or we may See an inclination toward reiative

decentralization.

B. Factors Normally Favoring Decentralization
(1) One of the factors which favor decentralization is the need for
specialization. Here we note two cases: (a) the case where the environment

is ever changing, and (b) the case where it is unknown but not changing.

If the environment is ever changing-and pa;tern recognition capabilities are
necessary, the computer may lead to a relative decentralized structure, because
it cannot as yegjassimilate and transmit patterné upward, provided that it

can Bring down to the opefafing level higher eéhelon constraints. If the laétz

proviso does not hold, the computer will be neutral. 1In the case, however,

“where the environment is unknown but not changing, the computer eventually will
lead toward relative centralization. And this because, once the-knowledge.is

obtained through decentralization, then centralized procedures will be the

7 . . ) . '
Some organizations, no doubt, will attempt to reduce the interdependence -
by obtaining their own computer, buffering themselves with excess resources.
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best means for disseminating the‘knowiedge gained and instructing the various
subentities within the organization as to how they can cope.with it.

(2) The cost essocrated with the number of channels ‘of communication
and the likelihood of cluttering were among the reasons for relative decen-
tralization in the past. Given that the new computers have huge capacity

"and low cost, and in view of the orogress in hardware end sof tware desigh}
we believe that in the future we will see a tendency for relative centrali-
zation on this score.

(3) Still we have to contend, however, withbpossible destructive inter-
 ference among units and instability of rhe behavior and performance of. the
overall organization.- If the reiationship among units. and the speeds of ad-
justment of units are such that the system'can give ample warning time for
an impending chahge, and provided that these responses:will not interfere
critically wirh the specializarion of uhits, then rhe“comouter_will push
organizations toward relative centralization. Otherwiee,Aif specialization
is more important and/or thelwarning lead time is too short, then the decen-
tralized bufferso(shoek absorbers) will continue.

In order to be able to predict what impact the oomputers wili have on
the instability inherentvin some organizations, we wili have to fully uoder-
stand the reasons for such instabilities. As.has been pointed out previously
(Zannetos, 1965), p031t1velcovar1ances between the performance of div181ons
(which normally lead organizations toward decentrallzation) are the result
of dynamlc changes .in the env1ronment at rhe operatlng level. We be11eve
therefore that oomputers will in most such cases lead us toward further
reletive.decentralization.

(4) Two other.reasons which presently.favor relatively decentralized

structures are the time sensitivity of decisions and the task characteristics.
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If time sensitivity is the dominant reason, theﬁ the coﬁpuferized ihfofmétiOn
system will enaBle:higher levels to resbond in ample time and, therefore,
brihg aboﬁt relative centralization. If, on the other hand the task character-
istics are as descrlbed under (1) above, then we have consequences similar |
to what we described when we considered the various dimensions of the_appli-
cable environmental conditions.

(5) The ps&chological reasons concerning'motivatioﬁ and also the:need for -
.training managéfs will no doubt remain and even become étronger with the
advent of the new systems. Therefore, we expect to lean more heavily towafd
decentraliied structures for these reasons, especiaily since the few integréted
information systems can bring higher}leVel considerations to low levels,
and also allow the introduction into plans and operatioﬁs of factors which

were formerly exogenous to the organization.

.Asbwe have éeen, then, we cannthmake all-inclusive étateménps regarding
the impact of informatidn techqqlogy on organizations. Wevmdst analyze
the imﬁact across the various dimensions of centralization and decen-
tralization, and see whether we observe‘any dominant patterns. If no dominant
patterns are diséerned,then wé must trade off at the mérginbbétween the
various opposing tendencies in order to decidé which units should be relatively
centralized or decentralized and for what functions and for how long.

It may be.that'che arguments which we have presented here portend the
demise of ﬁhe terms‘cenfralization and decentralization. -Although they. éefved
us we11 in the past, and may have helped us realize the progress we claim,
these terms now appear too simplistic to describe present day complex1ty.

Any attempt to patch up the deflnltlons will not, in our estimation, bring about
any worthwhile results, because the terms will become increasingly more and

]

more complicated and at the same time more and more meaningless. We should no
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doubt Be looking for new definitions and measurements Qf‘th¢ phenomena we |
wish to describe. The notion of statistical covariance and the analysis
'of éovariance matrices for the underlyiné_cause and effect relationsﬁips
may help in this respect. However, a necessary prerequisite for any attémpt
toward measurement is the definition of the appropriate inpuﬁ data which.
will provide USéfui indicators on the'interactions.between-orgahizational
sﬁbentities. .And this throws us back to the qareful'defini;ion and
"éartitioning of objectives. ”

In closing, Qg would like tolmake it clear that we certainly do not
;onsider‘what is offered here as the definitive answef to the eéflier call we-
had made fo? aniﬁnderlying theoretical'frémework to be.uséd’in éﬁalyziﬁg

problems relating to brgani;ational‘strucfures. Although we believe that
this paper is an advance over what ekists in the-litéréture we mentidned
and reviewed, Qé_wduld like to stress the‘need'for'fufther.work‘in this
difection and add that we oursélves are in the midst of ongoing research in
the area. Some of the results of our further efforts will bg‘reflected in
a forthcoming papér which attempts'to measure the cost_and value.of changes

in organizational structures.
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